Section 4

Risk Assessment Requirements

Identifying Hazards--- Requirement §201.6(c)(2)(i):
[The risk assessmentshalli ncl ude a] description of

the jurisdiction.

1 Does the new or updated plan irzdiederiptionof the types all natural hazardbat affect the
jurisdiction?
Profiling Hazards---Requirement §201.6(c)(2)(i):
[The risk assessmentshalli ncl ude a] description of the é |«
that can affect the jurisdiction. The plan shall include information on previous occurrences of
hazard events and on the probability of future hazard events.

9 Does the risk assessment identify (i.e., geographic area affected) of each hazard being addres:
updatd plan?

1 Does the risk assessment identéxtthei.e., magnitude or severity) of each hazard addressed in t
updated plan?

1 Does the plan provitfermatioonprevious occurrencé®ach hazard addressed in the new or upda
plan?

1 Does thelan include the probability of future events (i.e., chance of occurrence) for each hazarc
the new or updated plan?

Assessing Vulnerability: Overview---Requirement §201.6(c)(2) (ii):

[The risk assessment shall include a] descriptionoft he j uri sdictionbs vulr

described in paragraph (c)(2)(i) of this section. This description shall include an overall summary of
each hazard and its impact on the community.

1 Does the new or updated plan include an overall suthmeas c r i pt i o vulnesabilitg ehod |

hazard?

9 Does the new or updated plan addré@spaioenf each hazard on the jurisdiction?
Assessing Vulnerability: Addressing Repetitive Loss Properties---Requirement §201.6(c)(2) (ii):

[The risk assessment] must also address the National Flood Insurance Program (NFIP) insured

structures that have been repetitively damaged by floods.

91 Does the new or updated plan describe vulnerability in terms of the types and numbersropestietitive loss p
located in the identified hazard areas?
Assessing Vulnerability: Identifying Structures---Requirement §201.6(c)(2) (ii)(A):

The plan should describe vulnerability in terms of the types and numbers of existing and future
buildings, infrastruct u r e, and critical facilities | ocated

91 Does the new or updated plan describe vulnerability in terms of the types and numbers of exist
infrastructure, and critical facilities located in the identieeidls&zard

91 Does the new or updated plan describe vulnerability in terms of the types and numbers of futur
infrastructure, and critical facilities located in the identified hazard areas?

Assessing Vulnerability: Estimating Potential Losses---Requirement §201.6(c)(2) (ii)(B):
[The plan should describe vulnerability in terms of an] estimate of the potential dollar losses to

vulnerable structures identified in paragraph (c)(2)(ii)(A) of this section and a description of the
methodology usedtopr epar e t he esti mat eé

1 Does the new or updated plan estimate potential dollar losses for vulnerable structures?
9 Does the new or updated plan describe the methodology used to prepare the estimate?
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Assessing Vulnerability: Analyzing Development Trends---Requirement §201.6(c)(2) (ii)(c):
[The plan should describe vulnerability in terms of] providing a general description of land uses and

development trends within the community so that mitigation options can be considered in future land
use decisions.

1 Dces the new or updated plan describe land uses and development trends?
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RISK

Various methodologies aravailable to facilitate risk assessment. A common approach based o
anunderstanding of existing methodologies is needed to enablettihg s¢ mitigation

priorities acoss infrastructure sectors, both within and among jurisdictidms first elemenof

this approach was to establish a common definition and progessafgsis of the basic factors

of risk. In the context of homeland seity, the Region 5 Planning Teaeveloped a framework
that assesses risk as a function of thnaalherability, anl consequence.

T Threat: The likelihood or probability that a jurisstion 6 s asset s, i nfrast
citizens or environment will suffer fne a particular hazard.

T Vulnerability: The susceptibility of a jurisdiction, its assets, infradtrg citizens or
environment to damage, destruction, or incapacitation from a plarticazard. The
likelihood is primarily dependent upon the location artént of the hazard in relation
to the infrastructure and/or jurisdiction.

1 ConsequenceThe negave effects on pulit health and safety, the economy, public
confidence in institutinog ard the functioning of government, both direct and indirect,
that carbe expected if infrastructure damaged, destroyed or disrupted by the impact
of an individual lazard. The extentféhese consequences depends on the level of
mitigation that hasatken gace to decrease the threat, reduce the vulnerability, or
negate th consequences.

Threat ulnerabilit onsequenc

For the purposes of this plan the Risk Assessmanitgys the threatsf natural hazards, the
vulnerabilities of a jurisdiction to thedhazads, and the consequences of those hazards on the
individual commuities or jurisdictions. Thus th@omponents of the Risk Assessment are:
hazard/threat identificati on, vulnerability analysis andconsequence analysis.

Not only doedDMA 2000 requirearisk assessment, b@hapter 1180 Washington

Administrative Code ragjres that emergency managemeanp be based on a written

assessment and listing of the hazaodahich the polittal subdivisions are vulnerable.

addition state law requires eh pditical subdivision to be part of an emergency management
organizaibn, and to have an emergency ragement plarOver tventy years agoi€rceCounty

Department oEmergencyManagementPCDEM)b egan i denti fying the Col
hazardgo assist wth its emergency planning. Eventually information on these hazards was
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compiledin its Hazard Identificion and Vulnerability Aalysis(HIVA) and then in 2009 the

Hazad Identification ad Risk Assessment (HIRAThisdocumentrevised from time to time,
hasbeenused as the basis for emergency response and operations@lfamrihe County

Because PiercEounty is congruent with Region 5, the Pierce CounfgAdprovided a broad

scopefo | ooking at the hazar ds tnbhearbstjaisdictorst t he
within Region 5 rely on the County for coordirmatiin emergencies or disastets,d Count y 0 s
HIRA also forms the basis for much of their emerggpleyining

Hazard Sub-Sections

The Risk Assessment portrays the risks and vulnéiabiénd is divided by natural hazard type.
In alphabetical order, seded by Geological (GMeteorolgical (M), and Technological (T)
Hazardsthe Region 5 Hazard MigationPlan addreses the following hazards:

Geological

1 Avalanche Hazard (SubSecton 4G.1),
1 Earthquake Hazard (Sub-Section 4G.2),
1 Landslide Hazard (SubSedion 4G.3,
1 Tsunami Hazard (SubSection 4G.4),
1 Volcanic Hazard (SubSection 4G.5),

Meteorological

1 Climate Change Hazad (Sub-Section 4M.1),

1 Drought Hazard (Sub-Section 4M.2),

1 Flood Hazard (Sub-Section 4M.3),

1 Severe Weather Hazard (Suksection 4M.4), and

1 Wildland/Urban Interface (WUI) Fire Hazard (Sub-Section 4M.5).

Technological

Abandoned Mines (SubSedion 4T.1),

Active Threat / Attack Tactics (Sub-Section 4T.2)
Civil Disturbance (Sub-Secton 4T.3),
Cyber-Attack (Sub-Section 4T4),

Dam Failure (Sub-Section4T.5),

Energy Emergency (SubSedion 4T.6,
Epidemic/Pandemic (SubSection 4T7,
Hazardous Materials (SubSection 4T.8),
Pipeline (Sub-Section 4T9),

Terrorism (Sub-Section 4T.10),
Transportation Accidents (SubSection 4T.11).

= =2 =0_0_9_9_95_42_29_-2._--2-

Eachhazard is discussedrdugh an Identification Descriptio(which includes the definition and
types), a Profile (which inades the locatioand extent of the hazard, occurrences and the
impacts), and ilodes a Rsource Directory. Using this analysis, the Plan then descritles ea
jurisdi ct i on éashhazard. Mhe spaciic vulmetalyilitiels of each of the
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jurisdic t i o n 6 s frastpuetwrd afeidiscussed in the Risk Assessment (Sectiod 4) a
Infragructure Section (Section 6) of each individual jurisdiction plan.

The following tableschartsandmapssummarize the risk assessment processes:

E R N ]

Table 4-1a WA Region 5 Hazard Identifi cation Summaryi Geological
Table 4-1b WA Region 5 Hazard Identification Summaryi Meteorological
Table 4-1c WA Region 5 Hazard Identificaion Summaryi Technological
Map 4-1a ScenarioShakeMap7.1M Tacoma Fault

Map 4-1b Scenario ShakeMa 7.2M SeaTac Fault

Map 4-1c Scenario ShakeMagy.2M Nisqually Fault
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Table 4-1a Region 5 Hazard Identification Summary- Geolagical

HAZARD DECLARATION # PROBABILITY/ MAPS FIGURES AND TABLES
DATE/PLACE RECURRENCE '
AVALANCH E Not Applicable Yearl in themourtainous areas dhe County Slab Avalanche
including Mt. Rainier NationlaPak and the AreasVulnerableto Avalanche
Cagades. Pierce County Avalanhes of Record
EARTHQUAKE N/A--7/22/20QL Nisqually Delta 40 years ofess occurrence Types ofEathquakes
N/A--6/10/2001Satsop Historical recordd aboutevery23 years dér Major Faults in the BgetSound Basin
DR-1361:WA--2/2001 Nisqually intraplate eathquakes. Seattle and Tacoma FaSlegments
N/A--7/2/1999 Stsop Piere County Sesmic Hazard
DR-196-WA--4/29/1965 Maury Island, Major Pacifc Notthwest Earthuakes
Souh Puget South Notable Earthgakes Felt in Pierc€ounty
N/A--4/131949 South Puget@&ind Salmon Beach,Taconma Washingbn following Feb2001 Eartiquake
N/A--2/14/1946 Mawy Island Liquefction Nigata Japarl964
Lateral Spreading March 2001
LANDSLIDE DR-1671-WA--2006 Slideswith minor impact (damagéo five or kss Northeast TacanalLandslde Janugy 2007
- DR-1361-WA--200L developed properties or ID0000 or less damage)| Pierce Caunty Landslide Deposits, Scarps anlaifks, and Susceptibilit
DR-1159WA--12/962/1997 10 years oless. LandslideFacts for Piere Countyi Shalbw Landslide Susceptibity
DR-852WA--1/199D Pierce County Pep landslide Hazardrea
< DR-545WA--12/1977 Slides vith significantimpad (damage to sior PierceCounty Shallow landslide Haard Area
] State proclamatins: more developed prerties or $1,000,000r greater | PierceCountySlope Sability Aress _
= 20'02.'. 01/20/2020 damage) 100 yearor less. Pierce County C_:omp_an_son of Landslide Sceftible Areas
= 17-0871 05/18/2A7 R 410 NotableLandslidesm Pierce County
8 Ski Park Road Landslide January 208
(@) SR-165 Bridge AlongCarlon Riveri Landdide Februay 1996
Aldercre¢ Drivei Landside
TSUNAM I N/A--A.D. 900Seattle Falt EQ Sourcel Due to the linited historicrecord unil further Hawadi 19571 Resident&xplore Ocea Floor Before Tsunami
- Tsunami reseach can provide heter estimate a mirrence Hawaii 19497 Wave Overtakes Seawall
N/A--1894 Puyallup Rer Delta rate of plus or mirus 106200 yearswill be usel. Tsuranis in Washingon State
N/A--1949 Taoma Narrows Tsunami Inundaton and Curret Based on EarthquakSceario
Notable Tsinamis in kerce County
Salnon Beach, RirceCounty 19491 TsuramigenicSubaerial landside
Saimon Beach, Pierce County 1949 sunamigenic Subaeridlandslide
Damage in Tacomdrom 1894 Tsuami
VOLCA NIC DR-623WA--5/1980 The recurrace ate for either anajor laha (Case | Volcaro Hazards
- or Casdl) or a mgor tephra euption is500 to D00 | TephraTypes and Sizes
years. he recurrene rate for either a major laha Lahas, Lava Flows ah Pyroclast Hazards of MtRainier
(Case | or Case Il) ax major tepraeruption isS00 | EsimatedLaharTravel Times for Lahars 10to 10° Cubic Meters in
to 1000 yers. Volume
Pierce Count¥ruptive Events and Lalia
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Table 4-1b Region 5 Hazard Identification Summay - Meteorological

Meteorological

HAZARD DECLARATION # PROBABILIT Y/
DATE/PLACE RECURRENCE MAPS, FIGURES AND TABLE S
CLI MATE CHANG E Not Applicable Not Appliceble IPCC Mockls on Global @mperature Gange: 1900c 2100

Recent ad Projected Tmperatires br the Padic Northwest
Puget SoundProjected Warming

Puget SoundPrgected Precipitation Ginge

Projected Decline in Snapack

Projeted Sealevel Riski Tacoma

Sea Level Rie Inundation fea in 2100racoma Tidefhts
Climate Immcts and Natutadazads

Comparison ofthe South Cascadélacier:1928 to 2003
Lower Nisqually Glacier Retreat: 1912 2001

DROUGHT

Many dry seasaesbut no delarations
State proclamations:
18-05--7/31/2018

50 yeas or less ccurrence

Seaqience of Drough Impacts

Palme Drought Severity Index

Pierce County Wagrsheds

%Area of Basin in Dought Caditions Since 1895
%Time n Sevee © Extreme Drought1895-2004
%Timein Sevee to Extreme Drought: 198895
Notable Draights Affectng Pierce Conty
Columbia Rver Basin

USDA Climate Zoresi Washirgton State

FLOOD

DR-WA 1817--01/2009
DR-1734WA--12/2007
DR-1671-WA--11/2006
DR-1499WA--10/2003
DR-11%-WA--12/962/97
DR-1100WA--1-2/19%
DR-1079-WA--11-12/195
DR-896-WA--12/1990
DR-883WA--11/1990
DR-852WA--1/1990
DR-784WA--11/1986
DR-545-WA--12/1977
DR-492WA--12/1975
DR-328-WA--2/1972
DR-185WA--12/1964

5 yeas or less ocauence

Bestavailablescience--the freqency of the
repetitive lossclaimsindicates there is
approximatéy a 33 percent chae of flooding
occurring each year.

Lower Puyallup River

Historicd Floodingin Lower Ruyallup River

Levees and Rewments in the bwer Puyallp River
Summay of Damagesd Lower Puyallp River Faclities
Middle Pwallup River

Historicd Flooding in MiddlePuyallyp River

Levees and RevetmenintheMiddle Puyallup Rier
Summary é Damages b Lower Middle River Facilits
Upper Puyallp River

Historical Floodng in Upper Pyallup River

Levees ad Rewetmertsin the Upper Puyallup River
Summary of Damages tdpper Pyallup River Facilities
Lower Whie Rver

Historical Flading in Lower White River

Levees and Revetmentstire Lower WhiteRiver
Summay of Damageso Lower WhiteRiver Facilites
Upper Whie River

Historical Flooding in Uppewhite River

Levees ad Revetent in the Upper White Rer
Summay of Damages to Upgr White River Faciiti es
Greenwater River

Historicd Flooding in Geenwater Rier

Carbon Rver

Historical Flooding in Cabon River

Saouth Prairie Creek

Historical Floodingn South Prairie Crek

Middle Nisqually River

Historicd Flooding in Middle Nisqualy River

Uppe Nisqually River

Historical Flooding inUpper Nisqual} River

Levees and Reveterts in the Uppr Nisqually Rver
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Meteorological

Summaryof Damagego Upper Nisqually River Feilities
Mashel Rive

Historical Flooding in Mashel Rigr

Nov 2006 Hooding River Pek Estates Along Puydlup River

SEVERE WEATHER DR-4056WA i 01/2012 The reeurrence rate for allypes of seveestorms | Fujita Tomado Damage Ska
DR-182%5- WA 1 12/2008i 01/2009 is Syears or less. WindstormTracks
DR-1682-WA--12/2006 Piere County SeveréNeather Wind tdzardi Souh Wind Everi
DR-1159WA--12/962/1997 Pierce County Severe Wewadr Wind Hazard EnumclawEastWind Event
DR-1152WA--11/19/1996 Notable Sevie Wedherin Pierce County
DR-981-WA--1/1993 Inauguration Day Snowstorm Janary 2004 Downtown Tacoma
Storm Satellite Imagi Hanukkah Ee Windstorm
DR-137-WA--10/1962Columbus Ry Before/AfterTornado CamageGreensburg KS My 200
Storm Courty Road Deember2006 Windstorm
Stae prodamaions: TacomaNarrows Bridgé November 840 Windstorm
19-06--02/15/2019 (Dec2018 Winter
Storm)
19-05--02/14/2019 \Vihter Storm Mag
17-08--5/18/2017 Seere min
17-03--3/14/2017
17-02--1/19/2017Winter Storm
15-18--12/24/2015 Windstorms and
Flooding

WUI FIRE EM-3372WA Aug-Sept. 2015 Based on infomation from WA DNR the Washingon Staé Fire Hazard Map

Stateproclamatims
17-12--9/2/2017 Norse Peak Fire
15-11--6/26/2015

probaility of recurencefor WUI fire hazad to
Pierce County is 5 y&s or less.

Pierce Canty Foreg Canopy

IndustrialFire Precation Level Shudown Zones

Carbon Copy Fe August 2006

Washington &te DNR Wildand Fre Statstics: 19732007
DNR Wildland ResponseSouh Puget Sound Regio80022007
Pierce Conty DNR Fires
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Table 4-1c Region 5 Hazard Mtigation Identif ication Summaryi Technological

Technological

HAZARD

FEMA
DECLARATION #
DATE/PLACE

PROBABILITY/RECURRE NCE

MAPS, FIGURES AND TABLE S

ABANDONED MINES

Not Applicable

Basel oninformatian from WA DNR. The Piece Couty
Skheriff 9Departmet reports tha theyhave had vey few
incidentsof citizers entering the abandongtdnes in eas
Pierce Co.

Isolated issues of min@ubsidencéhave accurred, typically
following flood evetsi.e. 2009/2Q0.

PierceCountyi Mine Hazad Areas MapBased o'WWA DNR
Information

Schase, Kokr, Eberle, and @ristie, The Washington State Cddline
Map Colection: A Cdalog, | ndex , Guale) QperiBile Rapdt s
94-7, June 984

Pierce County 204 HIRA

CIVIL DISTURBANCE

Not Applicable

In thepag 150+ yeas thee have leen ebvenmajor
inciderts giving arecurrene rate of every seven ysa

Pierce @unty Civil DisturbanceHigh Probabity Locatiors Map
Pieree Courny Civil DisturbanceHigh Pobabiity Locaions Zoomedn
Map

DAM FAIL URE

Not Applicable

No occurences inPiere Cainty

50+yearsrecurrencdor WA State

Reasons for DarRailures Nationdy

PC Dams thaPose a High or Signifant Riskto the Public
Pierce Couny High and Significat Rik Dams

Dam Failuresin WA State

Mud Mt. Damintake

ENERGY EMERGENCY

Not Applicabe

Poweroutages arethe nost frequet energy incident, via
natural hazats (storms, icg Recurrenceatei every five
yeas (storms)

Recurenceratei 50+ years (majg

Tacoma PoweOutage 1929, USS Lexigtonprovides power

EPIDEMIC /PANDEMIC

EM-3507-WA 03/122020

Epidemic:

1 19762014 Ebola oubreaks

9 Flu occus annually

Pardemics

1 20092 0 1 0 ndFBavecurrenceate’i 20 yeas

Individuds hopng to avoid contactirg disease

HAZARDOUS Not Applicable 9 Dalco Pasage oil spil of October 132004 List of consttuentsor ingredierts foundin Bakken crude oil
MA TERIALS  Chlorine ill Port of Tacora Februaryl2,2007 Environmental Roteci o n A g e rtifiegl Top Fve Rhadlities
- Largeincidentsfive-year recurrence Exxon Valdez Oil $ill, 1989
Smallincidentsoneweekrecurrence PierceCounty Spli data from May2018 to May 209
Dalco Passage oip#l (October 132004)
PIPELIN E Not Applicabke 1 Northwest Ppeline Corporation natutagas incident May | Cities and Towns ith interstate pipines within, or within 1 mile of city
FAILURE 1%, 2003 in Surmer limts
- 10 years recurrence Olympic PipelineRupture 06/10/99
Pierce County Ppdines
Whatcom Flls Pak, 2003
TERRORISM Not Applicable Minor inddent i recurencel-year 250 Active Shoater Incidensin the U.S. fom 20002017: Incidets per

ACTIVE THREAT
CYBER ATTACK

Major Incidenti reaurrerce 10 years

year
250 Adive Shooter Inedents inthe U.S from 2000-2017: Casialty
Breakdown per year

250Active Shooer Incidentsn theU.S. from2000-2017: Locabn
Categories

Ocaurrences in the lRyet Sound

TRANSPORTATION
ACCIDENT

Not Applicable

State prolamations:
17-13--12/18/2017Amtrak
derailmert

15-05-4/16/2015 R 410 Biidge
15-04--3/11/15 Damag tol-5
Overpas

Minor incidensi recurrene daily
Major inddents- recurrace 10 years

Airports in Piece County
Ferry Services in Rirce County
Transporttéion Accidents/Catstophic Failuresin Pieice Couty
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Hazus-MH

Hazus Estima ted Loss Information

Loss estimates provided into Risk Summarp&éewere developedsing theFEMA risk
as®ssment modeling tool, Hazi#H, Earthquake Model in conjunction with ArcGIS. Hazus
estimates losses by combinimjormation alout the built envionment with information about
the location and magnitude of thazard The risk smmmary repar primarily uses specific risk
analysis methods which are summarized below:

Scenario Loss Estimates. The Pierce County risk asssments utiied ShakeMaps proded

by the U.S. Geological Survey and scientists for three sces@thquakes. Té scenario

Sh&eMaps use for this analysis have estimated intensities and ground motions for events on
faults that have ruptured in thespar have akelihood of ruptuing in the future. The purpose

is for understanding the potent@nsequences olifure largeeathquakes.These earthquake
scenarios are not predictions of future earthquakes. With this knowledge and the ShakeMap tool
the informatia then is combinedith detailed information on the built environment such as

building type, age, andessmic upgades which ha been input into Hazus and estimate potential
losses for each scenario.

The risk assessment contains Hazus estichebmbined Isses for the followng:

1 Residential Asset Loss These include direct building losgsstmated costsa repair ©
replace thedamage caused to the building) for all classes of residential sedictu
including single family, multifamily, mnufactured dusing, group housg) and nursing
homes. This value also icles content losses.

1 Commaercial Asset Lossi Thesenclude dire¢ building losses for all classes of
commercial buildings including retail, wreskle, repair, progsonal servces, banks,
hospitals, entertainent, and parking facilities. This value also includes conteiht an
inventory losses.

9 OtherAsséd Lossi Thisincludes losses for facilities gerically categorized as
industrial, agricultural, religious, government, etc.isivalue alsancludes content ah
inventory losses.

Scenario modeled maps were developed forcRi@anty based oa combinedlirect buildng

loss of residential, commercial and other asset losses. These maps and others are located in
Appendix D of thgurisdicitoral plans with the esepton of the hospéls which are located in
Appendix E.

In addtion, the HazusMiH Earthquak Mocel looksat the percent of confidence level that
essential facilities will be functional on Day 1, Day 3, Day 7, Day 14,30agnd Day 0 of the
earthquake\ent. Essential facilities includes; hospitals, schools, fipad®ents and pole

statiors. The Planmg Team chose Day 1 and Day 7 to model with a 90% confidence level that
the facility will be operational followingaeh of the senario earthquake emts. Maps were then
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created from the analysis out put for eatlthe earthquakecenarioshasedon the tinctionality

for each of the essential facilities for Pierce County. These maps are included in Appendix D for
all the jurisditions except the Hostpl Group which is located in Appendix E. The Planning

team deiedto combine alessentibfacilities together and scale the information down to a
jurisdictional level for the City and Town group and develop maps fdr ethe eethquake
scenarios.These additional maps are also located in Appendix D.

Scenario Sh akeM aps

An earthquke of simlar magnitudeto the earthquake scenario ShakeMaps struck the southern
Puget Sound area about 1,100 years ago and scientistgebsilarearthquakes are inetiable

to strike the region again. With a population densityeret within the Pget Soundarea
hundred=f thousand peoples lives are at risk for ground shaking, landslides, liquefaction, and
tsunamis from earthquakesthis magniude. Modeled scenarshakemaps are produced for the
purpose of emergency plannerslaommunity membex to planandbecome mee reslient to

future earthquake events.

Three modeled scenario ShakeMaps were chosen to incorporate inteNHdztesfurther

devel op Pi seathquake asi assegsment. The Tacoma Fault with a magfitude
7.1, Nisqually Rult witha manitude ¢ 7.2 and the SeaTac Fault also with a magnitude of 7.2.
Because both the Nisqually Fault and SeaTac Fault wilifsigntly &fect Pierce Countyhey
were included within the mitigation plan . The ground matidaived for theseshakemag

were generad using computer models with inputs from geological and geophysical
observations specific to the region and thdtfzone.
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Map 4-1 ShakeMap M7.1Tacoma Fault Zone

-- Earthquake Planning Scenario --

ShakeMap for Tacoma7.1 Scenario
Scenario Date: Thu Jun 4, 2009 12:00:00 GMT M 7.1 N47.41 W122.70 Depth: 0.0km
¥ T—

NN

\\’

48°

47.5°

46.5°
124 -123° -122°
PLANNING SCENARIO ONLY -- Map Version 1 Processad Thu Jun 4,2009 030925 PM MDT

Pé,ﬁ,%,",én Not felf Weak Light |Modsmale| Stong |Very stiong Severe Violent | Extreme

P AL none | nons none | Very ight | Light Moderate |Moderate’Heavyt Heavy |Very Heavy|
PEAKACCIi%qg) | <.17 |.17-1.4| 14-3.9| 3.992 | 92-18 1834 34-65 65-124 =124
PEAK VELjecms)| <0.1 |0.1-1.1| 1.1-34 | 3.48.1 | 8.1-16 16-31 31-60 60-116 >116
e | v [ v | i | i v

TheTacoma Faultscenarichypothetically modek the ground motion amplitudes of a rupture
along the Tacoma Fault plane that extends from the surface to 9 miles)#d&ep ad is 35
miles (56 km)in length, from Belfair through Vashon Island extending nederlBeWay. With
this surfa@ breaking eathquake scenario extensive damage is predicted which would be
followed by many potential damaging aftershocks.
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Map 4-2 ShakeMap M7.2 SeaTac Fault Zone

-- Earthquake Planning Scenario --

ShakeMap for Seatac7.2 Scenario
Scenario Date: Thu May 14, 2009 12:00:00 GMT M 7.2 N47.38 W122.31 Depth: 52.0km

- P ——|
? .

48"

47.5°

a47°

46.5°

-123° -122° -121°
PLANNING SCENARIO ONLY -- Map Version 1 Processad Thu May 14, 2009 12:53:03 PM MDT

PERCENED |otfelf Weak | Light |Moderats| Stiong |Very stiong| Severs Violent | Extreme
POTENTIAL none | none none | Very ight| Light Moderate |Moderate’Heavyl Heavy |Very Heavy

DAMAGE
PEAK ACC(%q) | «.17 |.17-1.4| 14-3.9| 3.992 | 9.2-18 18-34 34-65 65-124 =124
PEAKVEL{cm=)| <0.1 |0.1-1.1| 1.1-34 | 348.1 | 8.1-16 16-31 31-60 60-116 >116

emme | e[ v e [ v

The SeaTac Fdtiscenario hypothetally models he ground motion amplitudes of mpture
along the SeaTac Fauwlith a depth of 52 0kn(B3 miles)
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Map 4-3 ShakeMap M7.2Nisqually Fault

-- Earthquake Planning Scenario --
ShakeMap for Nisq7.2 Scenario
Scenario Date: Thu May 14, 2009 12:00:00 GMT M7.2 N47.15W122.73 Depth: 52.0km

47.5°

46.5°

124 -123° -122°
PLANNING SCENARIO ONLY -- Map Version 1 Processad Thu May 14, 2009 12:34:56 PM MDT

SHAKI Very stiong Sevarie Violent | Extreme
POTENTIAL nonz | none mone | Veryight| Light | Moderae |lodsrate’Heavyl Heavy [Very Heavy

DAMAGE
PEAKACCi%g) | «.17 |.17-1.4| 14-3.9| 3.9-92 | 9.2-18 18-34 34-65 65-124 =124
60-116 >116

PEAK VELjcmis)| <0.1 |0.1-1.1| 1.1-34 | 348.1 | 8.1-16 16-31 31-60
e 1 | v [ v i | v

PERCENED | 1otfelf Weak | Light |Moderate| Strong

INTEN

The Nisqually Faultscenario hypothetaly models the growhmotion amplitudes é a rupture
along theNisqually Fault with a depth of 52 Okm (83 miles)

PAGE4-20
REGIONS ALLHAZARDMITIGATION PLANT 2020-2025 EDITION
BASEPLAN



Geolo gical
Avalanche 4.1G

I dentification Description
Definition

An avalanchés a mass of loosenethow or ice that sudden)yandusuallyswiftly, slides down a
mountan, growving by collecting additional material as it descends. Avalanches can occur
whenever sow falls on slopes steeper than apprately 20to 30 degreedn Washngton State
avalanche®xist solely in mountainous areas.

Types

There are two basitypesof avabnchesloosesnow avalanches and slab avalanches. Although
the most dangerous avalduecis the slab avalanche, loes®w sides can ad do produce injury
ard death.

Loose-Snow Avaanche

Loosesnow avalanches occur whgrains of snow on algpe geater han a dtical angle of
repose cannot hold onto a slope and begin sliding downhiiingi@p more snow and fanning
out in aninvertedV. The source of theisle could be set off bg piece of falling rock or icer
any ort of disruption athe pont of aigin.

A small loosesnowavalanchas frequentlycalledasluff. The largest and mosdestructive
loosesnow avalanches atieelargepowder avalancl®eThe United States Departmeof
Agriculture, Avalanche Handbook dgjns the process tharedes loog-snowavalanches:

(1) The layer is disturbed by any of several natural or artificialgs®es: overloading,
from the added welg of nevly fallen snow or a skre vibration, from an arth
tremor or explosive force; or, mastportant, internathangs such sthe varming
of the layer to a state of drastic loss of cohesion.

(2) A small piece of th layer slips out; the piece can besasmll asa single grain but is
typically the size of amsall snowball.

(3) The loose piece either oeesto rest at a nevangleof repo® or inparts enough
energy to the snow in its track to cause an avalahche.

Characteristics

These avalanches may be eithet aredry. Since they are triggeteat the surface it isrgely
dependent on the current weathédd weather not &dwing meltingcloseto the surface will
result in dry loosesnow avalanches, while warm weatherezsally with intense sunshine will
tendto meltthe bonds between snowystals within the uppdayers of snow and create a wet
avalarche.
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A small slide cenpogd of windlown s1ow cascading down a slope, but seldom accumulating
much new snow as it goes,often referred to as a spindrift aathe Spindrift avalanches are
aways dry.

Slab Avalande

Slab avalanches occur when a cohesmss of snow breakaway from the slopeall at once.
There is a fracture line entirely surrounding the mass of snawvidims almost instantaneously.
Basedon thar different characterists; slab avalanches chrdivided into two main categories:
soft slab and hard slalvabnches. Iraddition, these avalanches can be ®lfaracterized by the
type of contact they haweith the underlying layers, the amouwftwate content in the snow
andthe triggering methodn this case they can be distinguisheddg or wet slab avanctes.

Slabavalanties occur when the Figure 4.1-1 Slab Avalanche

stresses on a slab overcome the Ingredients for a Slab Avalanche
internal strength of the $aand its
attachment to the underlyirsmow @

Weak Layer

ground. A decrease in stigth may
be produceditrough warming,
melting snow, rain, the
metanorphosis of snowrystals in a
layer,an increase in stress produce
by the weight of additional snowfall,
or a bred in the bonds holding the
slope togetér, se Figure 4.11.
These avalaches can be triggered
spmtaneously by natural triggers or |
by a sker or a snowmoltér. i

Melting ||
From Sun|
1

-

GROUND

Soft Slab

Soft dab avalanches are
characterized by a lack of internal
cohesion as they descetie slope. 3) A Trigger
While the initial slab stretureof a
sequence of blocks &pparent when
the slidebegins the individual blocks
rapidly beakup into individuad
paticles aml the esulting mass may wouk Ber
tend to resemble the consistency of &
loosesnow avalanche.

GROUND

Hard Slab

In contrast to soft slab avaleheshard slab avalanches wdbntinue to have a deggof
cohesiveness throughout the desc8actions will maitainthemselvs as imlependent blocks
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within the mass of moving snow. These could be small alonkneof a couple of feet up to
some hat mg be several meters across.

Characteristics

Like loose snovavalanches the differing chatatistics of slab aslanches have do wth the
amount of free water content within the slab. However, there areatlidifferences.

Dry slab avalanches tdrio happen when there is a brdalwn between bonds thate holding
the layers of snow togethérhis can happen wimeextra weighis adad to a slope, such as
additional heavy snowfall. Skiers, snowmobilers, orlantacornice can trigger this type of
avdanche. The internal lack obbesion in the snowpackay have a number of causes. These
includethe deposition o& layer of harfrost or graupel, or the development of a layer of
crystals that have metamorphoseid a layer with very weak bonds bet@nthe individual
crystals. Thes layers may be so wediat they partially collapse creatingpace in the
snowpak between thelifferent layers.

Wet slab avalanches occur when water percolating through the bojnsla a layer of
discontinuity wheret can flow along, weakening orsgolving the bond betwenthe layers,
decreasing the abilityfdhe lower layer tdold on to theupperlayer or slab. This layer of
discontinuity can be between actual snow layeeven between threnowpackand the

undelying ground surface. This wateroving through thenowvpack increases the density of the
snow,breaks the bonds hding the snoverystak together, and lubricates the intersection
between the layers. Combined, th&ssors increase the chances of adawhe. This type of
avalanche isnost prevalent in thgpling when extra sun on tlemowpaclkallows free water to
percolate througout tre snowpack.

Profile

Location and Extent

Avalanches directly affect only moumaus areas of Pierce County. Area$ierce County that

have potentialor avalanches includélount Rainier National Park, Crystal Motain and other

slopes of the Casae Mounain Range. Avalanche season begins in November and runs through
early summerdr all mountain areas of the staitehigh alpine areas of the Cascarienge, the

season is ya-round. In Pierce County, this is litadto Mount RainierThe low elevéion of the
majority of the countyds mount anpnoludssahighr r ai n
probability of avalanches in most areas.

Areas wheravalanches are moskdily to occur are:

1 Recreation areas ihe¢ CGascade Mountas)

91 Slopes of Mouat Rairier,

1 Chinook Pass, SR 410 (closed to traffic in winter), and
1 Cayuse Pass, SR3Z2closed to traffic in winter).
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While not the case historically, mstavalanche victimsodayare participating in recreational
activities in the backaantry where thee is noavalanche control. The primary cause of these

avalanches is the weightofthei ct i m or

s 0 me pamyen the slabtofrsow.\Ohly}c t T MO S

onetenth of one percent ofvalanche fatalities occur on open runsla areas or onighway<.

Basedon thelocation of key transportation routes and recreational areas threatened by
avahnche, the Washington State HazRfitigation Plan identifies Pierce Quy as one of the
countesin the state witlareas at risk fromvdanchessee M@ 4.1-1 Areas Vunerabk to
Avalanche However it should be pointed out that the only jurisdictionfhwvinfrastructure
directly affeced byavalanches in Pierce County éine County, Washingto8tae, Puyallup
Tribe and the US Goverrent.None of the diers have anynfrastructure or resident population

located within the current avalanche hazard areas.
Map 4.1-1 Areas Vulnerable to Avalanche
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A number of weather and tarn factors determinevalanche danger:

Weather

f Stormsi A vastmgority of all snowavalanches aur duing or shortly after stornperiods?
1 Windi Wind is a redistributor of snowgreating some areas with a tlgnow pak and
others with a deep snow ga&snow is picked up dmwindward slopes and redeposited on
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leewad slopes. Snw is carried fromareaswith strong wind to areas of little wind by three
methods; rolling, saltationydurbulent suspension. Rolliifgem abng the ground, picking
them up ad bouncing them alon@dtation) or picking them up and camng them along in
turbulent suspemsn tends to break down or pulverize the individual crystals into smaller
particles. When this happens, the depositicreate a much denser mass that termdsdlidify
quickly intoaslab.

1 Rate of snowfall Snow fallingata rate of onénch or more pehour apidly increases
avalanche danger.

1 Temperaturé Storms starting with low tempeiures and dry snow, followed bising
temperatures and wetter snowe amore likely to causavdanches than storms that start
warm and then cool withsnowfall.

1 Wet snavi Ranstorms or spring weather with warm, moist winds and cloudy nights can
warm thesnow cover resulting in wet sw avalaaches Wet snow avalanches are rao
likely on sunexposeé terrain (soutkfacing slopes) and undexposed rocks rocliffs.

Terrain

1 Groundcoveri Large rocks, trees and heavy shrubs help anchor snow.

91 Slope profilei Dangerous slab avalanches araenikely to occur on convesglopes
however they can occur oroncave slopes

91 Slope aspedt Leeward shpes are dangerabeause windblow snowadds depth and
creats dense slabdn the Cascades, these tend to be the moidheast facing slopes. Due to
the lage amount of solar radiation imasing the percentagéfoee water in thenowpack
south fachg slopesbecomemoredangerous ithe spingtime.

1 Slope steepne$sSnow avalanches are most common on slopes of 3 dedrees

Occurrences

Avalandes occufrequently in the backcountry tiie Cascade Range, @ftwithout any impact
to people, transptation routes, therinfrastructue or cevelopment. Some slopes are prone to
avalanche every year there is a significamawfall. Others only do solven theras an unusual
amount of snow cobined with other weathesariables and a trigger of some stikte a skier
crossingthe slope. GrstalMountain Ski Resort will also purposely trigger avalanches on the
slopes contrdéd by the resort before tham@wv loadgets large enough and unstablewgh to
threaten skiersr others spending time in the mountin

Mount Rainielis the primary loationfor avalanches in Pierce County. Since record keeping
began in 1887, avalanchiesMount Rainier National Plrhave clamed approximately 95 lives.
Recaded information (seeable 4.11 Pierce County Avalanches oé&rd) shows thenore
recent avalaches n Pierce County that resulted in fatalities.

Table 4.1-1 Pierce CountyFatal Avalanches of Record

DATE LOCATION FATALI TY/CASUALTY
05/30/2014 | Mt. Rainier 6 fatalities
06/062010 | Mt. Rainieri Ingraham 1 fatality
12/18/2007 | Mount Raner- Edith Cieek Ba&in 1 fatality
05/02/2007 | Crystal Mountain 1 fatality
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02/24/2007 | Mount Rainier Park Place near Crystalduntain | 1 fatality

10/24/2004 | Mount Rainiefi IngrahamGlacier 1 fatality

06/13/2004 | Mount. Rainiefi Liberty Ridge 2 fatlities

01/16/2000 | Crystd Mountain 1 fatality

06/11/1998 | Mount Rainier 1 fatality, several injured
199 Mount Rainier 2 fatalities

1988 Mount Rainier 3 fatalities

06/21/181 | Mount Rainiefi Ingrahan Glacier 11 fatalities, serac collap’
1958 Silver Cre&k 1 fatality

Recurrence Rate

Therecurrenceate foravalanchsein Pierce Countys yearly. Most othose that will cause
fatalities, injuies or other damage happen witiount Rainier NationaPark. There is some
potential for sliésto happen inhe aeas around @stalMountain. Outside of these two areas,
Pierce County does not have roads thabpen into avalanche temeduring thewinter. As

such, the potentiabf impact to a developearea or major road is extremely limiteSkiers,
snowmobilers, snowshoerslimbers and other back country travelers, or those who access the
roads which arelgsed in the winter will antinue to behe individuals involved in avahche
incidents in thduture. This is based on information fropast avalanch occurencesand a

review of Pierce County topography and road infrastructure

Impacts

Health and Safety of Persons in the Affected Area at the Time of the Incident

The impactsncludethe injury andoossible death to persons in the aféetd@rea Deathmay

result from sufbcatian or traumatic injury. Injury may result either from impact with objects in
theavalanche path, tumblingr burial inthe snow for a period of time. ®ke who survive the
initial slide could suffer mental impairmefiom oxygendeprivaion, hypothemia ard/or

frostbite prior to being rescued. There should be little, if any, long éflectsto anyone not
directly impaced by the avalanche.

Health and Safety of Personnel Responding to the Incident

The impactgo respase persond includethe possiblity of secondary avalanches in the
response area causing injury or death, as welblasweather injuries kie hypothermiand
frostbite.

Continuity of Operations and Delivery of Services

Due to the very limited natui# avalanches Pierce County here shaild be no impacto the
continuity of operations for any jurisdiction within tG@unty.

Roads impactelly the avalanah hazard within Pierce County aiher within Mount Ranier
National Park or clesdduring themgority of the avainche seasoiNone d those impacted
roads affect the delivery of services to citizens of the Co@ttyer infrastructures not affected
by the threat of avalanches.
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Property, Facilities, and Infrastructure

Due to the very limited niare of avalanches inPierce Countyandthe closure of roads in the
high avalanche areasiete should b&o impact tohe property, facilitieand infrastruaire of
any jurisdiction within Rerce County.

The Environment

Most avalanches follow the samehsthat theyhave inthe past, bagning high on mountain
sides and descending slopes, frequently funneling into guliggcts to the emwwnment
includedamage to hillsides, an increaseerosion potential, déaand injury to local animals,
and in ®mecase thedual destruction oforesed areas.

Economic and Financial Condition

Economically, avalanches in Pierceuy mayimpactlogging revenues, by #ier downing
trees and/or damagiror closing roads th&ad to logging areas on Crystal Mountar by
damaing faglities at theCrysial Mountain Ski Resort. While this may impact individual
businesses for a sharériod of time, avalarhes should notauise a major economic impact to
any jurisdiction withinPierce County.

Public Confidence in theJuris d i cstGowernadce

Due to tle preention of damage from avalanches either by control activities at the ski i@sorts

by the closing ofoads, there shdadibe no major avalanche impacts citizens of Pierce dlirty.

The result is that public conkaie in the governane of the Count andother jurisdictions
within it should not be dampened by the occasional avalangirg or fatality dwe to the person
being in the wrong place at theawng time. These are alle to individual choice: the choice to
climb, ski,srowmobie or snowsho@ areas that have an avalanche potential.
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Geological
Earthquake 4.2G

Identification Description
Definitions

An earthquake is what happenwhen two blocks of the earth suddenlypgiast one another.

The surface Wwerethey slip iscdled thefault orfaultplane The | ocati on bel ow
surface where the earthquake starts isecaihehypocenter, and the locatin directly above it on

the surface of the earth is calldwepicenter.

Sometimesan earthquakbasforeshocks. Thes are smaller earthquakigst happen in the same

place as the lger earthquake that follows. Scientista n 6t t el | t lafoteshack ear t h
until thelarger earthquake happens. The ésty man earthquake is dad themainshock.

Mainshocks &vays haveaftershocksthatfollow. These are smaller earthquakest thccur

afterwards in the same placethe mainshock. Depending on #iee of the mainshock,

aftershocks can continue for elkes, montk, and even yeardtar the mainkock!

Figure 4.2-1What is an Earthquake?

What is an Earthquake?

*An earthquake is the vibration of
Earth produced by the rapid
release of energy

Fault scarp

*Energy released radiates in all };‘1’«;{7 A9\ P
directions from its source, the /,/ 75 N ki o
focus : ({; ;

,,:"';!“;l -
*Energy is in the form of waves 4 ' B Epicenter

*Sensitive instruments around the
world record the event

Wave fronts

*Movements that produce
earthquakes are usually associated
with large fractures in Earth’s crust
called faults

Types

Washingtoris situated at the collisional bounglaf two primary tectonic plate$he boundary

where theetwo plates converge, the Cascadia Subduction Zone, lEsxamaely 50miles

offshore ad extends from the middief Vancouver Island in British Columbia tworthern

California. As it collides wh North America, the Juan de Fuplate slides (or subdts) beneath

the continent and s The blésion oftheduantda iEca amcaNorthh 6 s man t
American Pates pioduces the three main types of egrtlkes discussed below and illustrated
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Figure4.2.-2 A fourth type ofearthquake not coveraa detail here is produced by the
movement of magma insidevalcano Suchas hose hagpening at Mt. St. Helens

Figure 4.2-2 Types of Earthquakes®

Courmova
WNazhingon

Crustal
earthquakes
— (AD 900, 1872) |\

A | Deep
Subduction zone y earthquakes
l earthquakes (AD 1700) (1949, 1965,

2001)

4 Volcano
@ Subduction zone M 9+ 200-600 years
\ Active crustal fault
e Deep Juan de Fuca plate M7+ 30-50 years
\ Active plate boundary fault
¢ Crustal faults M 7+ Hundreds of years?

*figure modified from USGS Cascadia earthquake graphics at http://geomaps.wr.usgs.gov/pacnw/pacnweq/index.html

Deep Earthquakes (Benioff Zone)

Intraplate or Benioff Zone earthquakes in thealific Northwest areommonly referred to as
deep earthquake¥heyare capbleof magnituds 6.0 7.5, they typically @cur between
approximately 1%0 60 miles indepthandare within the subduictg Juan de Fuca (oceanic)
Plate. Most of the ones that pad Pierce County occur near or in an area where the Juan de
Fuca Plate bads $ightly as itslips beneath the North Amiean (continental) Plate. Ese deep
events typically have few, if any aftdocks. Deepearthquakes are the stdrequent large
evens that strike Pierce Countfhe Nisqually earthquake is theost recent exmplethat
impactal Pierce County.

Qrustal Fault Earthquakes

Shallow crusél earthqua&s occur primarily in western Washion, the northeastern flanks of
theCascade Range, andthre Columbia Plateaulhese earthquakes are associated with
movement on adult. These earthgekes occur primarily at déjps of 20 miles or less. Sia
1992, thee is rapidly accumulating evident®it large crustal earthquakes ocourthe Seattle
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Fault in aeas of high populatioctive faultsin the greater Pieecounty areancludeTacoma,
Sedtle, and theRattlesnakévlountain Fault zonare capable of magnides 6.0 7.5 (Map4.2-
1). In PierceCounty there is ongoing reseatchunderstand the histpand threat posed by the
Tacoma Fault® As research contires, developig information on the nature of the risk frorthe
Tacoma Fault will have a significaetfect onhazard assessments for Pief@eunty.

Map 4.2-1 Pierce CountyEarthquake Sources: Acive Faults (Czajkowki and Bowman, 2014'*
AL \\ NN

’,.'\\ \\

Cascadia Subductio Zone Earthquakes

The CagadiaSubduction Zone (CSZ)megahrust” fault is a 1,000 km long dippirigult that
stretches from Northern Vaogver Island to Cape Mendocinol@arnia. It separatethe Juan
de Fuca and North America plates. The Juan de Hatampoves toward,andeventually is
shoved beneatlthe coninent (North American platefascadigulduction zone (interplate)
earthquaks occur less frequently than iaplate(deep)events, bt probably more frequently
than large crustal earthquak&eat Subductio Zore earthquakesare the largest edrtjuakesn
theworld andare the only source mesthat can produce earthquakes gre#ttan M8.5. The
CSZ has produceahagnitude 9.0 or greatearthquakes in the past, and undoubtedly will in the
future. The last kown megdhrust eathquake in the nortliest wasn Januaryl700, just over
300 years ag Geological evidence indicates thatch great earthquakes have ocedrat least
seven timesn the last 3,500 years, a return interval of 400 to 608syda learn rare dou the
history of the Cascadi8ubducton Zone and the science that led todiseovery of it, delve
into land level changeandturbiditescreated by the CSZ earthquakiésr nore about the
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Cascadia Subductiofone, visit thdJSGS webpage discussing this tofdecause Casdia
eathquakedave a very larg source (ta fault could rupture along its entiengthfrom
Vancouver Island to northefalifornia) the ground motion ngdast forthreesix minutes in
Pierce County and be of lower frequency than motimra earthqukes Ike the Nisqually
(Febwuary 28, 2001). Téselong periodf sustained gund mdion, especially when combined
with long period waves and soft soils, mag more damaging torige structures such as the
Tacoma Narrows Bridge. Ground matican be espelly damaging tolarge buidings with
complex designsand alsdo many snaller buibdings and homes.

Secondary hazards:

1 Liquefaction- Soft soils or humamade fills can subde a experience liquefaction or
lateral spreadigin anearthqu&e. Liquefacton canmanly causesack of support for
structues located on the liquefiable soisarthquake shaking can caugeund failues
ground cracking or boils fra layes of sand sometieslocated a number of meteuader
thesurface. Lateral spading is in &ct alandslide thatoccurs on very shallowabes due
to the liquefiable nature of ¢hsoil. Noteworthy liquefaction tookaate in Puyallup
during the 1949 athquake and there werexamples of it in both thedb5and 2@1
earthquakes. Liquaction is diectly related to helevel of soil saturatioeombined with
layers of sand. The santiat failed in Pierce County in manyses were sand deposits
from Mourt Rainier lahar{Map 4.2-6 Liquefaction in the Rget $und Basin)

1 LandslidesAvalanches, Mudflow - Thes can beriggered on steep slopes.ribguakes
have caused large and disasdandslides, including debris #is from volcanoes. Loss
of strengthm sensitive, day-rich soils can also cause landslides and otheugd
failures; se the Landslid andVolcanic Haard Chapters of the PierceoGnty HIRA.

91 Dam Failure This is also gossibility during an earthquakeikely causes are either a
fracture d the retentiorwall or the failure of the soils under the struauihe
Departmenb f  E ¢ anvestgryyobdamslists 56 dams in Pierce Cdyrihat at peak
storagehold over teracrefeetof water This includes Mud Muntan Dam on the
Pierce/King Canty border. Inaddition, Howard Hanson Dam on the Green River in
King County couldmpact portios of Pierce Countyif it had a catastrophic tapse.

1 Levee Failure Levees in theirole as a flood control feature existgrotect the land and
the facilties on it from flood \ates. Being largely built on liquefiable Nay soils
damag to the levegisa real pcssilility. If an earthgake wth resulting damage to
levees happens dag flood season, extensive flooding wbaccur before the levees
were epaired. The real threbere is not to the levees themselvesibtite river flooc
before thedveedamege can becorrectedtherestuting threatis to the population,
facilities andinfrastructuresituated behind thosevees.

o0 Tsunamis and Seiche¥ertical grounddisplacemat, co-seismic subsidence, or
earthquake ingced landslidesan all causedunanis and seicha; see Tsunami Hazar
Chaper of the HIRA1?

o Fires- Fire following earthquake (FFE$cenarios are not fullyet up to the standards that
canbe used by city authibres for decision making. Limited structueanalyses of
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individual buildngs inde FFE scearios have been comgtied. Results show that the
drift demand on theuilding frame increases during peastrthquake fires. Causes of FFE
fignitions and the conseqrt conflagrations can be listed as follows

A Natural gas, aaflammable fiel,canbe the case of 2650 percenif thetotal post
earthquake fire ignitions (&5 2002).

Local fire ignitions can speal through vegetation and inadatgibuilding separation
Chaos following an earthquake, blockedhsportation or cmmunicationsand
redwed watersupplies lower respae timeof the firefighters. Following an
eartlquake, firefighters also have to resgdan structural collapses and niead
emergencies.

Tall buildings would also be at risk and the mese of a sprinklr system doesot
guaantee fie prevention after aparthaqiake (Taylor, 2003):

A
A

T

Higher occupancy kd, limited exit ways, increased escg@a¢h length and a high
level ofreliance on active firéi ghting measures put tall buildings atighrisk of
dama@ due to FFE.

In tal buildings,if the active firefghtingsystem does not activate, fire can sgrea
fast.

Building occupants may be afghier risk of loss of life, as pential damage to
passie and active fire protections, possible dagadao exit ways loobstacles on
theway and delagdresponse of firefjhters.

It is, in general, harder to have affeefive fire intervention in a tall bldiing
because of inaccessibilitg reach inside the Hding, especially upper floors.
Wind forcesat upper floorsand potentiahatual air movenert, can cause fire
and smole movement and fire spread. For examiblere were fatalities in the
Las VegasMGM fire due to smoke inhalaticat floors above theri location.
Vertical fire spread is also psible through drrior facadgsuchasthe First
Interstate Bank in@s Angdes).

Compartmentation is important iomtrolling the fire. Damage to walls @n
partitig)ns can cause loss ofegrity of fire separabns, which leads to spread of
fite. o
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Profile

Location and Extent

Earthguakesdirectly andindirectly affect dl of Pierce County.Two measurements that deberi
the size of an earthquake are intgn&@ measure of the degree affthquake shaking atgaven

locale based on the amount of damaage) magnitude (&sates the awuntof energy reéased
at the sourcef theearthquake)?

To illustrate the earthquakisk in the County and region, Figu¥t&-1, on page3, shows the
locaion of the various tygsof earthquakes that affect the Pacific tharest. Map EQL shows
the mapr faultsin the Riget SoundMap4.2-5 showghe seismic hazard areas throughoutd@er
Countyas defined by areas of liquafle soils.For more ifiormationsee the Washington
Department of Natural Reources Seismic ScenasiGatalog

Pierce County coul experience eaittquakes from all three soureésubduction zone, crustal
fault, and @epearthquakesand therefore thentire region is at risk to the eaqiliake hazasl
describedn this chapterLight Detection and Rangin@IDAR) mappingii u s e s n theforgnh t
of a pulsed laser to mesare rangeévariable distances) the Eartto'® New data (such as lidar,
geologic mappinggeophysical studies, and palessnology) help scierdisto better understand
earthquake sources

Map 4.2-2 Seattle and Tacoma Rult Segnents

TheModified Mercalli Intensiy (MMI) Scale describes the observedeets of ground shaking
at each correspaling shaking intensitievel, designated byRoman Numaals This scales used
for estimating the intensity of shalj for differant eathquake sceaios and can be generated
after a major earthquake to show where gihaking was the stigest.
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